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METHOD OF PARAMAGNETIC RESONANCE ABSORPTION
MAG] STR ORGANIC 5

B. M. Kozyrev
Phys Tech Inst
Kazan' Affiliate,Aced Sci USSR

In organie chemistry, determinations of statis! _cal megnetic suscepti-
bility are of importance in investigating free redicals and biradic&ls, vhich
have unpaired electrons.

Extension of megnetochemical methods of investigation to other classes
of substances meets with the following obstacle: the measurable static suse-
ceptibility usually represents an algebraic sum of the dlamagnetic and pars-
magnetic components. Separation of these components or parts by a direct
experimental procedure is impossible within the framework of static methods.
In the case of strongly paramagnetic substances, the diamagnetic component of
the susceptibility amounts to g small correction only, so that an approximate
estimate of 1ts value is sufficient. In the case of diamagnetic substances ,
however, the paramagnetic component of susceptibility may be large in com-
varison with the diamagnetic part.

In the empirical system of Pascal megnetic increments, a positive (para-
magnetic) increment must be assigned to a number of structural elements, par.
ticularly the double bond, the conjugated double bond, the triple bond, ete.
At the same time, it is izpossible to establish the nature of the correction
involved. To a structural paramagnetic increment may correspond (a) simple
reduction of diamagnetism due to modification of atomic configuration as a
result of a change in the type of the bond; (b) paramagnetism vhich is in-
dependent of the temperature; and (c¢) normal paramagnetiem of the type ob-
served in free rodicals, It is very difficult to separate these three
effects from each other in every individual case to distinguish between them.
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The method of paramagnetic resonance brings considerable improvement to
the situation. Resonance absorptior of energy from a magnetic field of radio
frequency is a purely paramagnetic effect. For that reason, with its aid,
true peramagnetism of a substance can be separated in cases where it is
wsually masked by diamegnetism in static mezsurements.

Originally, the method of raramagnetic resonance was applied by the
author and S. G. Salikhov (1), who cbtained curves of resonance absorption
for the free radical 0351125 (pentaphenylcyclopentadienyl). The curve of ab-
sorztion in the case of this substance has a single resonance peak, the PO~
sition of which corresponds to the gyromaguetic fector g X2 2. This ine
dicates the pure spin character of the magnetism of 035525 molecules and
permits the conclusion that the ground state of these molecules is the =-
Btate. . Measurements of the static susceptibility of 035 H25 in a broad
temperature range lesd to the same coMlusion (2).

Thanks to improvement in the sensitivity of the apparatus, it became
possible, at present, to begir investigation of paramagretic resonance in the
case of dlamagnetic substances.

Experimentally paramagnetic rescnance is investigated by determining the
dependence of the coefficient cf paramagnetic atsorption X" (or of the high-
frequency susceptitili.y X') on the intensity of the static magnetic field H,
disposed perpendicularly to a magnetic field of constant amplitude Ho & H and
constant frequency V . 4 necessary condition of resonance 1s coincidence of
this frequency with the frequency of Larmor's precession to which the kind of
particles investigated (atcms, mclecules, or icns) is subjected in “he external

v=046/v) M

Here, h is Planck's copstant, 6 Bohr's magneton, and H¥ +he intensity
of the static field H which correspends to the maximum of X . The values of
X" vere measured in our experiments 4% the frequentzy V= 2.17 X 10 Hertz
/cycles] by use of a network-current methol proposed by Ye. K. Zavoyskiy (b)
and vere expressed in relative units,

Several substances vere investigated in which the presence of disguised
paramagnetism could te suspezted. Thexe included suthracene, allocymene

CHy \ iy
CBy~ C=CH-CHz CH-C = CH-C3  1,5-bis-{2-furyl 5-oxc-1,3,6,8-nonatetraene

(Cy7H;403) , and 1,9-dlphenyl-5-x0-1,3,6,8-nonntetraene (CoyHyg0).

It is known that anthracene exhibits & streng exhaliation of the
refraction and an abnormally 1low diamgnetism, as far as Pascal
increments are concerned. Allocymene contsins three conjugated double bonds,
while the molecules 017}’.13403 and C21H180 are examples of highly conjugated

systems (they contain 9 ard 10 conjugated double bonds, respectively, con-
sidering that the bonds of the cyclic groups and of the =C=0 group also
perticipate in the conjugation), Experiments vith benzene and furfural were
carried out for control purposes. In the cage of benzene, there is no reason
for expecting any hidden raramagnetism. One may make the same assumption in
regard to furfural, although with less certainty.

-2 -

RESTRICTED

50X1-HUM

~

Sanitized Copy Approved for Release 201 1/09/23 : CIA-RDP80-00809A000700050535-1




4' ,,,,, P Y UGSV R

Sanitized Copy Approved for Release 2011/09/23 -

- . -
— T e —

CIA-RDP80-0

RESTRICTED

The results may be summarized as follows:

1.

No paramagnetic absorption
furfural,

2. A measurable effect of his type hes
anthracene and allocymene. The curve ()
corresponding to an effective gyromagnatisz
1s reduced by more then e factor
peak increases _n the case of anthracene by ~15% ani in t
by -~ 25%. Consequently, we ars dealing with paramagnetism

pend strongly on the temperature. The da=a for
1 (appended).

bas a 3ingie

of 3 {from 30C to 0%,

3. The mocet interesting re:ult: w
At 3000K each of thesze substances yieldea XA "(H) cusvasz
peaks of approximately the same intenzity,
pure spin value of the gyromagnetic §
responds to g ==1.

°re ottained op ¢

actor, 1. e,
On cooling tc 900K, the
extent thet it practicallyd!zappears

(b) normal paremagne tiem of the type exnlbites by fres radtcala,
megnetism must increage cn totling (at 2
to the absolute temperature}, §, wever, the provar
excited states of the free radica] 1ype tecomes ve
temperature of liguid oxygen. Thrie eXplalns *ne
nance peak, .

The results outlined atove ermit the follow:
r

1.

Exc .ted states of
fural.

2. Such stateu pre &pparently ul:<o absen' in anthrasens
/ However, these svbstapses exhitis paramagnesism the origlp of
yetbeen clarified. This paramagnetismisdifficyult to explain by
raramagnetic impurities in our ganples (el the unusual value
au. the low degree of temperatyre

dependence ).
3. In the highly conjugated

states of the free radical +
cally disappear at the temperature of iiguid orygen.
ability of such sintes increases with
bonds in the molecule {sg
the increaseqd stability of free ralinals, whi-
bord=,

As far as we know, the experimant;
direct experimental proof of the existenc
magnetic substances. Mha results obtaine
¢lusions which are of importance from the
chemical bond. The low intensity of the absorption line
quantitative comparison with data on
Nevertheless, the orderof pagnitude of
with the values which may be expect
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has been detected in either benzene or

teen detected in the cases of

facstor ¢ A 1. Whe

the intensity at the
Le cage of 8llocymene
which does not de-
allosymene are ghown in Pigure

agains*
< vhose intensity grows by approximately 30%. Tpe rezults for
shown in Figure £ {appended;.
Here, we 8pparently have =wc lifierers -giza- of the effect
< magnetism of the typs otserves oV Ui in  anthracene and allocymene;

“he fres raiizgy TYP? are arzart iy ke

1

50X1-HUM

resonance peak
n the temperature

178,03 and Cz H,g0.
with two resonance
One of them corregponds to the

+ B22Z, While the other vor-
Tirst peek is veduced to such an
~he tackground ¢f the gecond peak,

C1701h03 are

{a) para-
and
Nerusl para-

T3te whith (s inversely proportional
ility of the existence of
Ty small on zosling %o the
izappearavce of the rego-

OLIlUElone-

nzene and fur-

snd allocymene.
vhich has not

tke presence of
of the g Pactor

compiunis 1:.1701‘,‘03 and CElHIBO’ excited
Ype 8re prezent atf roea temperature,

They practi-

The fact that the prob-
the 1nsresase in the number of double
comparison with wllozymene shows) m2y be related to

th also depend: on the increase
of the number of doubie

crired above represent the first

¢ of hidden paramagnetism in dia-

d in these axperiments permit ccn-
viewpoint of the theory of the

8 prexludes & strictly

static susceptibilivy at this stage,

the observesd effects is in agreement

ted on the basi: of Pascal increments.
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